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MOLYBDENUM IN ARIZONA by Jan C. Wilt and Stanley B. Keith
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Figure 1, Moly: Comparison of 1967 to July 1280 copper and molybdsnum prices
{absolute dollars). The dramatic price increase of moiybdenum in recent years
has helped considerably to bail out Arizona’s besieged copper industry in 1878
{see text). Molybdanum price is based on Cilmax price for molybdenum concen-
trate. Source: Engineering and Mining Journat,

Arizona's preeminent position during most of the past century in
world copper production has been much publicized, However, it
has not been as well known that, for the last haif century, Arizona
has also been the world's third largest producer of malybdenum,
behind Colorado (the targest producer} and British Cotumbia,
Canada. Arizona leads such countries as Chite and Russia in
molybdenum production. With resources of some 850,000 metric
tons of molybdenum, Arizena's porphyry copper deposits account
for abowt 20% of the overall U.S. molybdenum resources. Demand
for molybdenum is expected to double by the 1830s and triple or
quadruple by the end of the century {Sutulov, 1878},

BUREAU STUDY

As a result of increased interest in this little-publicized metal, a
comprehensive iterature survey was made by the Arizona Bureau
of Geology and Mineral Technology under a grant from the U.S.
Geological Survey. For this study, published information about
motyhdenum occurrences in Arizona was compiled on CRIB
{Computerized Resource Information Bank) forms. Recorded in-
formation includes the focation {by Township, Range, section,
latitute-longitude and UTM coordinates) of minerals present in the
deposit, metaltic elements present, type and age of host rocks,
age of mineralization, ore control, structure, alleration, property

Wiulfenile from the 79 mine, Gita County, Arizona. A favorite with minerat cotlec-
tors, wulfenite cccurrance patterns may also help explorationlsts in their search
for porphyry copper deposits {see text). Phote: Stantey Keith,

status {e.g., prospect or mine, active or inactive), mine workings,
past production, and reserve data. The computerized data will be
released to the public by the U.S, Geological Survey. In addition,
the Bureau is preparing a map of moiybdenum occurrences, to-
gether with a tabulated summary of each occurrence.

The last census of Arizona molybdenum by King (1969) listed 39
occurrences. Examination of molybdenurm minerais reported in
Anthony and others {1977} revealed an additional 40 occurrences.
The file forms prepared by Stanton B. Keith for the Arizona Bureau
of Mines metal accurrence maps doubled the number again, and
a detailed review of the literature on the districts known to contain
molybdenum raised the number of reported molybdenum occur-
rences to over 400, Recenlly, molybdenum has acquited new
economic significance as a result of the upward explosion in
molybdenum prices in 1979 {Figure 1). Thigs article examines the
new molybdenum economics and its impacts on the Arizora cop-
per industry and summarizes some of the salient points of Arizo-
na‘s malybdenum geotogy.

MOLYBDENUM ECONOMICS

Uses
Molybdenum {or moly}, like coball. platinum and chromum, is
one of the more important strategic metals in the world. 1t is used

Inthis issue: Seismic Evenls, p. 4;

Casa Grande Bulge, p. 10; Symposium, p. 12,
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with chrorsum as an alloy in missile and aircraft industries, electric
and elecironic industries, and he nuclear energy industry. Molyb-
denum's specidl properties include a high meiling point, high
strength at elevated temperatures, high resistance (o corrosion, a
low coefficient of expansion, hign thermal conductivity and good
aioying propertios.

In trace quanities, molybdenurm s considered important to vari-
ous engyme-relaiod processes in the human bady, Although too
much molybdenum may produco gout-like symptoms (according
to some researchers), molybdenum is presumably essondial in
maintaining nutritional balance, together with copper and sinc.

Maore than 75% of molybdenum consumption in the western
world is used in constructional afioy (49%), stainless (20%) and
tool (8%) steels. While tool steels contain more molyb:denum than
constructional alloy stoels (5% versus 0.25% contained moly),
most of the molybdenum consumption has been in constructional
dlloy steels, Hlowever, this situation is changing rapidly bacause of
the expanding demand of high-mioly toal stecls in the encrgy in-
dustries, such as, pipe for casing in deep 'sour’ oil and gas wells,
pipetines and drill sleels.

Molybdenum Preduction in Arizona

Tabie 1 summarizes historical Arizona mowbdenum praduction.
The greatest majority of Arizena molybdenum production comes
fram molyb:denite concentrates obtained as & by-product from
Coppermining.

Ovor cng-hall of the total Arizona preduction of 190,500 tons of
motybdeniie concortrates (381 miliion pounds of contained molyb
denum) came from the Pima mining distric!. Prior to 1956 wher the
San Manuel mire: went info production, much of Arizona's malyb
dernurm was produced from wulfenite concentrates that were mined
principally at the Mammoth-St. Anthony mine. Some wulienite
preduction came from the Total Wreok mine and, possitly, from the
Old Yuma mine during World War 1.

Molybdenum and the Arizona Copper Industry

fronicaily, e two copper mines with tho highest historical
malyldenum production—Sierrita mine with 133 million pourds
andg San Manuel with 66 miiiion pounds—would not have been
brought into production at the time without government loans. The

TABLE 1. MOLY: REPORTED MOLYBDENUM PRODUCTION IN ARIZOKA {1915-1973)

Cumulative Production Yeare of Reported
in Millian Pounds of Molybdenum
Recovered Molybdenum  Produstion

County, District
and Mine

From Molybdenite in Laramide porphyry copper deposits

Gia County 16 85 { LE65) 1938 1979
Miarni-lnspiration District 16.95 { 1.65} 1938-1879
Copger Cities Mine 145 { .72) 1867 1975
Inzpiration Mine A83 [ 19661971
1978149749
Migmi Mine 9.80 1938 1959
Pintey Valley Mins 1.78 [ 1975-19v49
Greenlee County 11.44 -t 1851- 1968
Coprrer-Mountan Gistret 11.44 [ 83 19511968, 1944
Maorenci Mine 11.44 [ .5 19511466, 1979
Maobave Caunty 4575 + [ 3.8 WA LW 112
196419749
Wallapar District 4h./5 { 3.80) 1964 1979
Mineares Park hine 4570 [ aam 186419749
Maynarg Dhstrict
Telluride Chief ST W
Giamond Jog area
Leviathan Some?? WW 1 and Wl 117
Pina County P2 8h¢  (2B.0B) 1853, 19456-19/9
Firma Cistrict 216.852  {(2E10) 1951, 1952 1979
Esperanza Mine 8o [ 2.08) 14591871
19¥3-1977. 1979
Wi ssion Mine 1066 { 1.72) 1964 1979
Mew Years Pve Mine 037 14351
Puna Mire 16.96 [ 0.42) 1967 1977, 1979
Sigrrita Mine 133.03 [16.74) 19701979
Twin Bulles Mine 18.17 { 4.ET) 1986, 1970 1979
Gilver Beh D strict B.00 { 0.43) 19561979
Silver Ball Manos 6.00 { 0.43) 10561474
Final County 69.8% {413 19343 1938
1956.-19/4
Bunkes Hill (Copper Crews)
Crigtriezt 4.18 TH3I- 180
1961, 1965
Co lds-Aidwinxle Mire 418 1933 1938
1861 1665
Ol Ha Gistrict B5.71 {3E0 ©1956-18/9
Sar Marnel £65.71 [ aan 19561678
Mineral Creek Oigtric: 765,37 {8 TORY 1979
Hiy Ming 645 [ B2 196719749
Yavagpal Couny 13726 | 3.26) 18344 1948
19511570
Eureka Distrct 1272 §3.28) 1944 1845
19511479
Bagdaa Miro 1372 §oREe) 1844 1945
1951 1079
Souaw Poak Distric 006 i944 104G
Squaw Poak Ming 08 1942 4944
ARIZCNA Sus Tola 3BDGDE (38.93; Wl | 19319 0a

ARIZONA GRAND TOTAL LRI

Curmnulative Production ¥eers of Reported
fn Million Pounds of Molybdenum
Recovered Moiybdenum  Production

County, Bistrict
and Mine

From Wulenite in lead-zinc-silver and lead-zinc-silver-gold deposits
tAI-TERTIARY DEROSITS

Cochise Caunty
Middie Pass Distrigt
Garnet Group
(Escapule Ming) L0132 14938
Final County
Cried Hat District
KMarmmoth-5t Anthooy Mice 4,212 1936 919
190341544

EABLY TERIIARY? LEROSIES
Gila Caunty

Barniner Gistrict?

Kullman-KMoeCoo:
{Reagan Cama?) Lo 1936

LATE CRETACEOUS GERPOSITS
Pima Courdy

Arnole District

Old Y Mine Sorme? W |
frpire District
[atal Wreek Mine foes of wulfen te

corcentrale 1918
Tyndall Digtrict
Glose: Mine lezsied frovm weitenite 7
ARGTONA Sub- iatal 421151 19161418

1934 1944

From Molybdenite in Jurassic veins
Pz County
Buibiooqurvari Disir o1
Adizona Molybdenum Moe Severas hundres tors 7
Gold Bulon dine winar molykdenite

WV\"_ i

1915- 1919
1533 197y

NOTES: 1) Numbers in pareritesas 2re 1979 pradustic
Source: Az Dent o Minerai Sessyoog

“) Reported as recovered Mo yhxdenum Geoogy of ucourrBnce suggests

iyl LT RINETA WES w

given is conigined oo

yodaerun o Mols ox'de (6304822
ds ronorlad by Creasey, 19507
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Figure 2, Moly: 1967-1979 copper production, moiybdenum production and
copper-motybdenum production ratio. Source: BGMT file data.

San Manuel mine was developed with the aid of an 8G million
doliar government advance dgainst future copper deliveries, and
was originally discovered during a U3, Bureau of Mines explora
tion drilling prompted by World War |l copper noads. The Siertila
ming in the Pima mining district was developed with the aid of a
g&-million dollar :oan from G 8 A (U8 Gencral Services Admiris-
traticn) in the late 1960s. Without governiment :oans, 60% of Arize-
na's historical molybdenum production would have been lost,

in the last several years, however, the molybdenur marke! hasg
lurned decidedly bulish and is having considerably more ooo-
nomic impact on Arizona’s copper ndustry han i years past.
Figures 1-3 chart motybhderum's increasing cconemic clout.
Since 1970 yoarly copper and molybdenum metal production
have about doubled (Figure 2). However, during the same peniod,
vearly value of moiybdenum production has increased eight times
as compared to a twofold increase for copper (Figuse 3} From
1967 to 1973, the ratio of copper to moiyhdenum production in
pounds sieadily declined as maore molybdenum recovery plants
ame inte operation and has leveled off at about 6U:1 since 1973,

TABLE 2. MOLY: WESTERN WORLD MOLYBOENUM SUPPLY/DEMAND
{miltion I MO}

1973 1974 1975 1976 1977 1978 1979

Gorneird™ 16¢ 207 1658 147 182 1496 LG
Ki~e Broductio”
Prorary o1 58 80 97 100 106 105
Byorouaus ki i 74 74 83 _88
(85 LOE 161 163 17 183 PG \
Freeass (Colic 1) (73 (46 [a) =} i 4} )]
USAHeleases / K131 3 ! Swckpile Depleted
! 5 ki -4 -4

ndugity Sinck Crarges =f - 10 -2 -5

e SCURCE OF 247 A KWOHA U T2k
Iedicire <ol zag-Wost traide LOURMNAL OF MOIUYBOEN LM
el TECHNOLGOY: ¥4 N 2

2000~
o
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‘% 1000+ \ /
» 3]
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]
500=~\/° 150:1
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\ /\Vﬂluu Ratio {5} 301
) . b
a/ GHG&‘“/U\D__D X/ +20:1
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Figure 3, Moly: 1967-1879 copper value (absclute doliars), melybdenum
value (absolute dellars} and copper-molybdenum value ratio.
Source: BGMT tile data.

in contrast, since 1974, the malyb:denum-copper doltar ratio for

Arizona has steadily declined from 33:1 {c 8:1in 1979, 1f the trend

on Figure 3 continued into the future. Arizona. dellar-wise, would

hecoms a moiybdenum state after 1981, However, Arizona wili
maintan its reputation as the ‘copper state’ well into the foresce
able future for reasons outiined in the next section.

Figure 1 clearly shows thal molybderum's now economic mais-
cier i Arizona is relaled to a dramatic price rise since 1874, Com-
parad to copper, he prce nsc is precipicus, with the moly/copper
price ratic increasing from about 3:1in 1974 to over 11:1 by May
1980, Two reasons explain the massive mafy price tuke, The first is
related (o the LS. government stockpile of 80 mvllion pounds
of molyhdenum whick was iargely depleted by the end of 1874
(Tat:lc 2}, Throughcout the earty 1970s, demanrd consstently cut-
stripped production. Much of the extra demand, however, was
absorbed by periodic releases from the LS, government sicckpile.
These releasos clearly had & price damping effect, as indicalod
by the: ncarly constan: molybdenum price through 1974 Whan the
stockpile was depleted, the price damnoer was removoed. This
depletion, combined with an incressing demand for molyibdenum
meial, shot the price of moly into the economic stratosphore.
Uorrmand for molyhdenum was sc heavy i 1979 that spol prices for
moly consistently surpassed the 20 doliar mark and nJung 1872
soared 1o 34 dollars per pound. Tous, molylbdenum has more Cous
than aver al Arizona's coprpor mings,

In contrast, the release of the ULS. goverrman: copper stockoile
by 1973, togethor with forcign compelition ard ncreased =inirg
costs, severely copressed the coresic copper rmarket By
1978, 1.5 copper producers anaintorasiingly enough. meir -abor
Jnions were calling for imporl restictions or widely avaitasiol
cneap forcign copper (see Teldneics. v. B no 1 & P) Denletion ¢

contimied on page 7
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Earthquakes Causing Damage in Arizona

by Susan M. DuBois & Ann W, Smith

Nearly two years ago {(9/78), the Burcau began researching
historical seismiciy in Arizena. The purpose of current efforts is to
proguce a revised epicender map and earthouake catalog for the
period of historical record.

s Arizona. wrilten records date back to Spanish exploration.

The earliest event documented so far is one experienced by mem-
bers of the Coronade expedition in 1540, The first seismograph
was installed in 1908 in Tucson. However, carthquake chronclogy
has been grossty incomplete untit vesy recently, perhaps ir the last
20 years. Arizona still lacks adequate seismic insirumentation io
recognize and accurately locate minor earthquakes throughout
the state.

PIGURE 1D SEMMARY OF 20 DAMAGING HISTORICAL SEISMIC EVENTS

Place Name
Near Epiventer

Time
Date L= MT)

Fpicenter Location
N-Eat, W-Long.

Max, Int.

Feit Aren

Mag. (km?} Comments Refs.,

T*Npv. 30, 1832 08:2( 32.45° 115.25° Ft. Yuma, CA IX-XI

IMay 3, 1872 00:45% 3289, [15.2° Yuma, AY VI

Fday 3, [RET 232 JL.ne g Fitaicachi, MX xII

+Iul, 34, 1891 1305 32.11°, 114907 Lerda, MX IX X

Ftier. 7. 1HGY 0t 3¢ EN R AR S TR Tombstone, A7 ¥

“Jam. 25, 1906 Q4:32:30 35.2°,111.7° San Franeisco

Mius, AZ

“May 26,1907 {0} 29.48°, 110.23° Marales, MX VHI 1X

“Nent. 24,190 0405 36° 1HL1° Coconing Forest, VIL

AZ

fAug, 1B 1912 21140 36.5% F11.5¢

Mtos., A7

WMoy, 21, 1915 D:13:27 32.40106° 115.25007 Calexico, CA VIT.- VT

ldee. 3101934 18:45 KPR i i Haja Catifornia, MX VI X

Han, 10, 1935 0810 I6.1°%112.2° Grand Canvon, A7 Y1 Vi

VApr. &, 1937 12:00 5.7 109 5° Gunado, AZ W1OWIT

VII- Vil

N. of San Franecisco VI VIIED

. . Ia the epicentral area, Major Heintzetman and 4, /1
his party, in a trip made after Dee. 15, found
aver 100 mud voleances, The voleanoes were
still emitting steam and gasses, the major one
erupting every i1{- 15 min. and throwing mud
6{-70 fi. in the zir. The shock was violent
at Ft. Yuma, Much fissuring occurred in the
Yumia ares, and rock{alls were observed at
Chimney Peak and at other mountains, In
sonne places, Colorado River saak 2§t and
banks caved in w many locations.

—In Yumg, people rushed out into the streets. 21,27

Two buildings were cracked,

7.2 160000 —This major quake caused 51 desths innorthern @
Sunora, and major destruction o property in
Mexico and 3W Arizona. A fault scarp 50 km
lung and 3 mhigh formed just south of the
Arizona-Mexico border. It was felt i nearly
fifty towns in Arivong, including Bishee,
Clifton, (Hohe, Phoenix, Tucson, and Yuma.

—-Large Fissures opened up along the Colorado
River in Mexico. Homes in Lerdo were badly
cracked, and scveral were destroyed. Fo Yuma,
peeple rushed into the streers, some walls were
cracked, and small objects were moved about,

18,27

—Windows rattled, hanging objects swung, 15
clocks stopped, and a few people rushed for
the street.

' 223,100 - At Hlapstaff, several ehimneys were thrown FA017
down, walls cracked, and glassware was
broken. The shock was felt in Angell,
Bellemuont, Phocnix, Seligman, Williams,
Winstow, and towns in Now Mexico and Trah,
—In the cpicentral region, severe damage was I#
dine to adobe and stone buildings. The shock
was af sufficient foree tu gwaken people in
Benson, Bishee, San Beroardine Ranch,
Tombstone, and Fucson.

. 116,530 —1In the Coconino Forest, a series of shocks FoI2.2
caused boulders torall into the camyp of a
construction crew. Fhe shocks were felt
throughout northern AZ, southern UT, aad
WW NM. Fifty two were felt in Flagstaff from
Sept. 10 throuph Sept. 24,

--Pecple Med to streets in Winslow, Flagstaff,
Tuby and Wiltlams. Windows and erockery
were hroken in Williams. Dainage to houses
was also reparted in Williams. Navajo Tndians
reparted vartherack 30 mi long N of Sun
Francisca Peaks, where rackslides were also
repaoried.

. 142,424 2.7, 17

i1 310,800 —In Yuma, buildings tremhled, dishes and books 7, {7, 22
felt oft shelves, and water in pitchers splashed
. People rushed into the streers.

7.1 207,200 68,745,

22,24

—reviees opened und roads buekled in the
epicentral reginn, A swaying motion was felt
in Phoenix und Yuma, The quake was also
naticed in Casa {irande, Coolidpe, Eloy,
Florence, Nogales, Prescott, and Tucsan.

—Minar rock slides accurerad. Windows hroke FoI2, 24
and plaster cracked in the town of Grand
Canyul. A subterranean tumble uwakened
steepuers.

—The sheck caused slight damage at Sage 12,21

Memorinl Haspital,

Yolume 10 N 3 Fieldnores Page 5
Time Epicenter Location  Place Name Felt Area
Date (GMT) N-Lat. W-Long. Mear Epjcenter Max. Irit,  Muag. (km?) Comments Refs.
HSept. {7, 1938 IT200EK 33.25% .75° Buncan, AZ VovIl 5.5 20,720 — It Puncan, bottles fell from shelves and 12,24
plaster was cracked. Some cracks occurred in
walls. In Clifton, a deep rumbtle was heard and
trees and bushes shook, The shack was also felt
in Morenci, Safford, San Simon, and Thatcher.
TMay 19, 1940 15:36:40 32.7% 115,57 Fenperial Valley. X 6.7 7.1 135,400 Nine people were killed and 5-36 millian 3,713,
CA (in the damage was dooe in the epicentral region. In 19,24,
1.5 the Yuma district, damage was estimated at 28
$50,000, Four water service lines were hroken
and the ierigation systenl was badly damaged.
Large crevices were formed. In Somerten,
roads were buckled and bridges were dislodged.
Also felt in Phoenix and Tucson,
™ Jan, (7, 1950 .53 35,55 109, 5° CGanado, AZ YVI-¥II . . Crround cracks b it wide to 12 {t, long were 7,012
found south of Ganado Trading Post.
Flec, 25,1969 12:49:10.1 0 33,45 110.4° Gila Co., A VIOVH 4.4 5.1 . Dshes and windows were broken at Globe., 12,14,
Some buildings were cracked at San Carlos 22,23
Reservation. It was {elt at Coolidge Dam, 24
Miami, Roosevelt Lake, Tucson, and
Winkelman.
Wieh_ 4, 1976 O0:0k:58.1 0 34.66° 112.30° Ching Valley, AZ ¥l 51 ®{(, 290 The shock caused slight damage in the Prescott 12, /4,
area. Mirrors, bottles and glasses broke. Tlwas 24
felt in many towos th Arizona, inchuding
Flagstaff, Phoenix, Tucson, and Yuma,
Poen 15,1979 23:16:52.4 32,6337 115,333° imperial Yallcy, 1X 6.5-0.8 ' —The guake caused winor damage in Yuma. It 3.14,25
CA was felt in Phoenix and Tucson. Damage near
the epicenter towns of Brawley, Calexico,
Tmperial and B Centeo was estimated (o be $30
miilion: 91 people were injured, Sirike slip
offset 37 cm meusured on linperial Fault, CAL
Hun. 9, 950 04:28 32.269° 114,047 5. of Mexicali. MX  IX 6.2 6.3 . — Two people were kilied and about 100 injured 14,26
|' in MX. The quake knocked proceries off of the
L shebves of stores in Yuma. 1t was feltin
#These numbers correspond io those on the map of Figure 2, Phoenix and in Tucson.
) . - T e - b e e —duae — ety —
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o 2 i o : Moly continued lindgrenite, and 12 occurrences in uranium deposits as the miner-
. e - the copper stockpile expesed U.S. producers to foraign competi-  als, umohoiie, ilsemannite and jordisite.
. tion that was dedicated to producing cheap copper for badbly
] needed cash to help buitd their industrial bases. Because U.S, Molybdenite
L} . . . . - . . . L. .
. as's @ . i producers were unable to raise prices to cover the increased cost Molybdenite 's easily recognized by its shiny, iead-grey color,
., of mining and maintain a profit margin, U.S. copper fell into a  greasy ieel and sofiness (it can be scratched with a fingarnail).
N .:' . ., ape severe siump in 1877 and 1978, At the time, restrictions on foreign  This molybdenurmn sulfide, MoSe, is by far the most abundant
';-w o copper imports seemed the best solution, until the amazing up-  melybdenum mineral and usually oceurs as disseminated grains,
"(,;\{?,-90 ! ! ward explosion in metal prices led by goid during 1979 came to  folialed or radiating masses, or thin scales. Molybdenite crystals
[=3 4 . | ) . o . , .
%:L b s v . Figure 3: DuBois: Preliminary map ot his- the firancial rescue. are usually ihin-te-moderately-thick tabular plates with & roughly
AN . . .o i. torical earthquake epicenters. Largely because e LS. moly producers had no important for- hexagonal shape due to the poorly developed side crystai faces.
\"1?'] . ) * ¥ FLABSTARE | cign competition, the history of the molybdenum industry was quite
H * . . 3 Raymond: Picacho Basin site, different. Lnike copper, molybdenum praduction and known
\-\ @ o e il gray shaded area on map reserves are mited primarily to North America and most of these
i v s e pSescorT . = reserves are Cimax-type porphyry molybdenum deposits in.Colo-
N"\j e @ }3‘; rada. When the moly stockpile was depisted, U.S. producers had
. o \..K - . P4 P no major worry alyoul price warg with foreign competition and
S . e could raise prices in order (o cover mining costs and maintain a
L L : healthy profit margin. Because approximately one in every eight
’_1' 4 - L i dollars produced from porphyry copper deposits in Arizona was 2
o FROENIX L ° ! moly doltar in 1979 (as compared 10 only one in 37 in 1970},
y . i . ° molybdenum dollars were a major facler in the rccovery of
e Arizona's copper industry in 1879 While copper prices also
increased and briefly flirted with $1.50 per pound, the curent
- } $1.00 per pound is barely Xeeping pace with inflation from $.58 per
; nound for copper in 1970, The nearly 800% increase inmoly price
H 3 . . . . R
7 ! from 974 to March 1880 obviously cutstripped inflation and
heiped considerably to rescue Arizona’s besieged copper indus-
-3z fry in 19748,
: S i Arizona's Molybdenum Future A roselte of molybdenite crystats perched on asdularia
I{ _j“\\ J?ﬂ'lh""'{-w’-?o,y . feldspar and guartz, from Childs Aldwinkle breccia pipe,
i _ - - \5‘(-5‘"--.,,55__ . o . T Hhie b e ) PR, Copper Creek, Arlzena. Malybdenite is the most abundant
}' | anrenstry tam) magnrTubE O W A Emngrmc indicators Iwnhm §_1e last Iseveral mon[.hs indicate the molybdenum mineral and is far and away the maln source
]i : f}_l\ﬁ ig - 33 4._\ mocly price momentum is slowing. While molybdenite concentrate of Arizona's molybdenum, Photo; Stanley Keith.
3 ® ® i 50-58 | ¢ o o ® at Climax, Cotorado, remains at $10.31 per pound, spot prices for ) . i )
i — - " - - . . - Tl - ire = 2y . e
i ® - G069 | — omETeRs i molybdic oxide fell to as low as $6.50 per pound in early July, Motybdtl,nuc oceurs in 1hg ceniral parts of dissemninated copper
L — — | | 1980 deposits, in association with chalcopyrite and other copper sul-
_ ) L . fides. These deposits are commenty found near 75 50 m.y. oid
I I ! - " These prices reflect a consistent price drop for moly on the spot o ‘s G Co . .
L . I . . e . . iate Cretaceous early Tertiary silicic igneous intrusions (the later
. ! & . a market throughout much of the first hall of 1980. Market analysts - . . o deqit
,, ;‘WH ey SN e i Santa Fe ! speculate that the 1980 molybdenum market should not see any part of the Laramide orogeny). The disseminated molybdeniie
RS N I “AlGUduera rice thcJP\com arable o the tate 1970s T-hédrin(é al rason for  2FAINS A/C sually associated with guartz-K-spar {potassic
i T - : i ¢ ) are t . piek 253 1 .- . . . . .
/i, ey VN 1‘\ Figure 4:  Isoselsmai maps l : -J’Eﬂ"‘f‘!“i ﬁwmrq t° 'pl raior new molvisde . Da‘ arcp‘{‘hoduled o feldspar)-biotite veins in the more potassium-rich assemblages
s P e AV I e E H 25) Km 5 15 INAt Severdl MAJOr iew MuTyLHenUM mines sehott of the porphyry deposits. Examples of this occurrence siyvie are
1 i t + 7 1 . I8-T f . b -t ~ 5 e : I3 . . h Trose
N ( A vl I r a. August 18, 1912 Phoenix . come inle production in North America during the 1980s. These the Sierrita, Esperanza, Twin Buttes and Mission-Pima deposits in
N Vi ; : ’ . ~ . i i . 9 i, Es 7d, : s5ion- a tdene
NS '\m..i-b § s ////m » " mires arc oxpected {0 absorb the rising moly dermand during tho tha Pima mining disirict of Pima County; the Copper Creek, San
. ""‘Q‘__g' A o 1 . by oot ar =i a nosaible . ! “"’_ - e !
\1; saigmgn 3, N L it e b. May 3, 1887 1980s, and some “l_f‘a’“‘:i?d © hypothesmpg ° ')O“’&".t ; mqub Manuel and Ray deposits of Pinal County; Morenci in Greenlee
\ S - denum glut which will stabilize or lower molybdenum prices. Since County and the Mineral Park deposit of Mohave County
- . . — . . L= 3 ' 5 1 .
CALIFORNIA Prsaar = ' 1974, the coppermaly production ratio in Arizona has been about o . L ) , .
! T . i Approximalely 10% of the molybdenite occurrences in Arizona
R e 80:1, and there 5 no reason to expect the ratic to change drasti- are in breacia pipes (cigar-shaped columns of highly-fractured
i Lo . ! NN cally in the next decade. The copperimolybdenum dollar ratic in- ©_~ e SAE R AP
¢ OFncre e Hermositlo [ 1. & | . y i‘ . “opt Y .‘_{ ‘ o rock) retated to porphyry copper occurrences. Anodt half of these

h aly W D . D 1979 was close to what if was in 1878, and, without any major new . . . ] .

3 = L : ; . . AN , o , are in the Copper Creek area of Pinal County. where the Childs-

- %2 L - . ~ price changes, should approximate 8:1 in the foreseeable future. . S : o ;

-7 & - - - i r T L Aldwinkel mine is a prime example. in this mine, molybdenite was
[ N s, Arizona’s fullre as a copper siale is secure, but molybdenum the latest sulfide mineral to be deposited and it was concentrated
- . . . B 485 =} . [+ H
! -~ @ tuesor | w |l e a much stronger econemic partner than in years past. . o . . . .
Y N in the cuter part of the brecata pipe, peripheral to chalcopyrite and
. ™~ ‘ pyrite. The ather hali of the breccia pipe depesits are in the Cop-
{\ \ﬁ s, T GEOLOGY OF ARIZONA MOLYBDENUM QCCURRENCES per Basin area of Yavapal Courty. Chalcopyrite, pyrite and

! ! ’ \l a Mineral malybdende occur on fracture surfaces in a sguare-mile area in

i . N _— . . -~ P . '

o eralogy ther guartz monzanite porphyry of 1he Copper Basin intrusion, Dut
fow weather reparts from early military posts and weather stations About half of the 400 krown molybdenurmn occurrences in the melybdenite is concentrated in fractured pine structures sur-
were obtmed in the Polar and Scientific Archives (Washington. Arivena occur 48 the mineral melypdenite (182 reponed ocour-  rounded by altered arcas.

D.CO Hewever, mest of the information on file consists of contern- rences). Most of the other half of the Arizena molybdenum oc- Thirty-two (under 20%) of Arizona's molybdenite occurrences
norary newspaper accounts of loca andg distart earthauakes o curreneces (150 occurrences documented) are as the mineral  are in 1700 to 1300 m.y. old Precambrian or 190 to 150 muy. oid
Pigure 1 summarizes many of the largest carthquaxes -nor .. '“‘?e‘"'f} City | wulfenite, The remaining molybdenum-bearng minerals reported  Juragswe ore deposits it veing, usually tungsters or gold-quartz

veing, Fifteen porcen' of the state's molybdenite localities arc
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associated with Precambrian ore deposit systems. About half of
theso occuirencos are in Yavapal County in gold-guartz veins in
Procambrian granodiorites, quartz diosites or Yavapal Schist. A
guarter of the Precambrian molybdenite occurrences are in Gila
County in tungsten veins associated with pegmatite dikes or
guarty veing, or are in breccialed dranium deposts thal are
associated with a Precambrian-agec Dripping Spring Quartzite
of the Sierra Ancha Mountains.

Jurassic vetns make up less than 5% of the molybdenile oceur-
rences in Arizona and these are located in scuthern Arizonar in
Pima County at the Baboguivari Mountaing: in Sartta Cruz County
at the Harshaw district: in Cochise County at the Bisbee area; and
in norhern Yuma County where a moiybdenurn anomaly al Sugar-
loaf Peak may represent dissominated molybdenite.

Wuifenite

The fragility of its thin, sguare plates and the translucent warmth
of ity orange-o-yellow-to-red color have made wulienite a great
favorite of mineral collectors. Wulfenite is lead molybdate, POMo04,
that crystaliizes in the telragonal crystal system and most com-
monly ocours as sguare, abular crystals, although it can ocour as
thin, octahedral crystals or acicular prismatic crystals. Good
specimens of cherry red, jusirous wulfenite plates from the Hed
Cloud ming in Yuma County are acknowledged by many mineral
collectars o be among the finest examples known in the warld.

Although a fow minor wulfenite occurrences have been reported
from Precambrian ar Jurassic mineralized systems, maost wulienite
in Arizona is associated with late Cretaceous (B0 to 70 m.y.} and
rsiddle Tertiary (35-15 my)) age fead-zinc-silver deposits. Wulfe.
nite occurs in the oxidgation zone of these deposits and is often
associated with other late-stage secondary minerals, such as,
limaonite, vanadinite, pyromorphite. descloizite, motiramite, mime-
tite, and fornacite. In lead-zinc-sitver deposits, wulfeniic typically
farms later than corussile, 4 lead carbonate (PhCQOs) formied by
the oxidation of PbS |, gaiena.

About 16% of Arizona’s reported wullenile Goourrences are oxi
dation products of lead-zine-silver mineral deposits that originally
formed during the late Cretaceous {early past of the Laramide
orogeny}. The Glove mine, located scuth of Tucson in the wastern
foothills of the Santa Rita Mountains, is world famous far its large
vugs Ened with wulfenite crystals ihat are as much as four inches
on a side. Other weli known wulfenite localitios from known
or probable late Cretaceous lead-zinc-silver districts are i tho
famous siiver mining districts of Tombstone, the Courtiand
Gleeson area 15 miles northeast of Tombstone, the Empire
Mountains 25 miles southeast of Tucson and the Old Yuma ming
0 the Amoie district 15 miles northwest of Tucson.

Aboul 25% of Arizona wulferite occurrences arc assccialed with
lead-zinc mines in the outer zones of porphyry copper districts of
carly Tertiary age (later part of the Laramide orogeny). These
wullenile ocourrerces are very minar, such as the trace guaniities
found in the Twin Buttes mine in the Pima district south of Tucson.

The 78 mine is an example of an sarly Tertiary lead-zinc silver
mire with minor copper periferal to the Caristmas and Chilito por-
ohyry coppor districts, The 79 mine containg brilliant arange.
fransparant, commenly unfiawed crystals- some of which are as
iarge as wo inches across, Much of ine wultenite has a distinctive
red dot n the center of the thn, square plates. and is often high-
lighted on a metrix of black desclaizite,

Almost 4 third (30%) of Arizona wulfenile occurrences are in
lead-zZnc-silver disiicts which were formoed in meddle Tertiary time:
Tese wilfeniles wre asscoiated with hyolite voleanics and intr-

sives that are about 35 to 15 million years oig. The most famous
amang these is the Hed Cloud mine north of Yuma in the Silver
district of western Arizona. Here, brifliant, dark red crystals ccow
as thick. sguare, flat-topped plates modified by slanted sides of
the pyramidal crystal form. OGiher notable mid-Tertary lcad-zine-
silver depasits that have produced quality specimens of wulienite
ara the Histep mine in the Chiricahua Mountaing of southeastoern
Arizona, the Aravaipa distdct in Graham County, the Howley ming
20 mites west of Gila Bend in Maricopa County, and the
mineralogically-diverse Mammaoth-3t. Anthony lead-zine-silver-
goid depasit at Tiged, 45 miles north of Tucson.

Other Molybdenum Minerals

Twenty-seven poweliite occurrences have been reporied from
Arizona. Pure powelite has a formula of CaMoQa. However, varying
amounts of lungsten substitite for molybdenur, up to & formula of
CawQa. which is scheelite, the other end membor of the group.
Scheelite is commonly associated with powellite; they both form in
the tetragonal crystal system and commonly cocur as crysials with
pyramid shapes on upper and lower halves. They dre both fight-
coiored straw yollow to greenish-yellow 10 brown or white,

Sixtean of the reported powetlite ocourrences arg associated
with porphyry copper mineralization of early Terliary age (the {ater
part of the L aramide orogeny). These chaicopyrite, chalcocite and
molybdenite deposits generally ccour in Paleozoic limastones or
guartzites which have been strongiy fractured. Only one powelite
ocourrence was reported from d Late Cretaceous mineral deposii,
at the Hilton Tungsien claim in the Empire Mountains scutheast of
Tuegon,

Adfew minor oceurrences of powellite are reperted from Jurassic
mireraiized systerns, such as at Bisbee and in the Baboguivar
Mountains southwest of Tucson. Six cocurrences of powellite were
tentatively assigned a Precambrian aga. Most of these were in the
Whiie Picacho district narthwest of Phoenix, in veins parallel to
schistosily in the hest rocks, which are garnet-epidols schist
bands within a black hornblende-bictite schist.

Mincralized systems that carry moiybdenite commuonly contain
yetlowish coatings or fibrous bundles of ferrimolybdile
(Feaoaz0rz2. 8H20 with some FeMoQ4.3H20) in their oxidized
conas. Twenty-one localities were compited, mest of which were
from the: late Cretacocus-early Tertiary parphyry copper deposits.

Anolher rare oxidation product of molybdenite-bearing
mincratized rocks, indgrenite, ocours as thin, green., transparent-
io-transicent, tabular-ic-plaly orystais. Four localities are known
in Arizona, the most notabile of which is at the inspiration porphyry
copper mine in the Globe-Miami district. Here, lindgrenite acours
as plaly aggregatoes in hydrothermally-attered schist and in seams
with molybdenite and powellite.

Three other rare malybdenum minerais  iisemannite. umoehoite
and jordisite  oceur with stratabound copper-uranium deposits in
sandstoncs on the Colorado Plaieau. llsemannile is & black-to-
tivish-Glack molybdenam oxida, MoaOa Hz (7). that becomes blue
Gnoexposure to Al U occurs as earihy crusts or staing and s
readily soluble in water, making & deep biue-colored solution: it
somotimoes forms after the mine tunnets and shafts are made.
Urnohoite iz ancther black-to-bHuish-black molybdenum oxide,
UO:MoO4 4t 10, that contains urarium. [ cocurs as bright. almos!
metallic locking, fine grained, crystailing, platy or foliatea aggre
gates, or small platetike crystals that fermed during the eatly
stages of oxidation of uranium minerals. Jordisiie is an amarphous,
opaque, black powdoery melybdenum suiide that cocurs inas
sociaion with asemanniie nouranium denosts on e Colorado
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TABLE 3. MOLY: SELECTED GEQOLOGIC AND METALLOGENIC CHARACTERISTICS OF LATE CRETACEQUS
THROUGH MID-TERTIARY WULFENITE AKD MOLYBDENITE OCCURRENCES!

Reported Metal

Principal Chemistry Of
Molybhdenum  Mineral Dccurrence Production Cu: Agsociatad
Mineral Deposit Type Description {Kg = 10%) Fb +Zn Zn:Fb Igneous Aock Age
Wulfanite | ead-zirc-gilver With corussite in oxidized ronas; Cu Ph Zn vy 1:1.4 alkalic? mid Tartiasy
districrs (1238 Galena, sphalerite, and minor 7.8 He. 81. 30 Yoy
B chalcopyrte insuiflide sone, .
tulybdenite Forphyry coppaer  With chalcopyriie and bornite in the 22,253 274 1.292 141 5ol calcic? late Laramide
districts [26)* suifife ranes of the copper- LG50 m.y.)
molybdenum contars of porphyey
o _ copper districts.
Wulfenite Lead-zing-s:lver With cerussite in oxidired 7ones, 7.7 49 17 .4 1:3 aikatic? parky Laramice

districts {11)* Galena. sphalerite, 2cd minor

chalcapyrite in sulfide zone.

{80 FOm.y.)

1) Matai abundance figures are hased on a complation of producticn data for 49 districts within the Southeast Arizona and Southwest New Mexico porphyry
copper civater where a sulfide systern could be recognized. Inomost cases cach districl constifutes a single selfida systerm. That is, sulfide system data includes

all mines within a district which have produced from epigenetic vein systems which can be linkod spati
s data was composted from all mines considered to ke in the distric! roning picture, nat simply the mines thought to be at the center of the district.

prisduction

dy and temporally 1o a gsingle igneoas event. Thas,

Emgphasis is thus on total melal empraced over an entire sulfide system which is district wide in its dimeasions s2nd is a composite of several or many smalier
rdepasits. Data in Tahie 1 is based on 1908 1875 production data, The 1900-1975 LS. Buieau of Mmes yearbooks are the primary data soorce. This source

wiis augrmentad by BGMT file data and annual company reports.

2) Atkalic as used here includes igneous rocks suites whase petassium (K:0) contert at 57.5% silica is equal (0 or greater thae 2.58%. Calcic rocks have K0

contants less than 2.5% at 57.5% Si0e2.

3) Numizes in parentheses is number of districts within the porobyry copper cluster area.

Fiateau. Jordisite may also be present in the oxidiced zones of
porphyry copper deposits where it could be intermixed with black
copper oxides, like tencrile or ‘black’ chrysocella, or could possi-
bly be mixed with manganese oxide minerats at many of the wulfe-
nite locations.

Geologic Implications

White fiiing out the CRIB sheets for Mohave County, which
primartly contaned maolybdenile occurrences, and those for Yuma
County, which predominantly contained wullenite cccurrences,
iineralogical patterns emerged which have been consistentiy
mantained in the remaming counties, Mo molybdenie was re-
ported i the sulfide zone of any mineral occurrence that con-
taired wulfenite; and no wullenile was reporfed in the oxide zone
of any occurrence that contained molybdenite in the primary sul
iide (or unoxidized) zone. Although wulfenite is found in
molybdenite-bearing porphyry copper districts, I consistantly oc-
curs in the lead-zine portions of the district and not in e
cooper-maolybdenum part of the district. Thus, molyhdenite ard
wuifenite appear to be mutually exclusive at the local orebody
scake. This patiern has been previousty recognized for several
mines where Qlsen {1961) and Creasey (1950) specifically
searched for but failed to find primary molybdanite at either the
Glove or Mammaoth-St. Anthony mines, twe famous wulfenite
iocaities. This pattern haolds frue for the 15C Arizona wulfenite oc-
currences compiied 0 the presert study. Also, wuitenite was ihe
only oxygen-bearing molybdenum minaral al each repoeried local-
ity: that is, no specimens of indgrenite. ferrimolybdite, jordisite, or
iIsermranrite were reparted from any wutenite locality, althcugh fer-
simclybdie s common in the oxide zong of moiybdenite ocoeur-
rerces.

Arncther pattern thal emerged was that iniate Creiaceous-early
Tartizry porphyry conper districts. the great oulk of molybdenite iz
concenirated in fractures that cut silicic igneous nost rocks n e
copper-molybdenum cores or ceriers of the districls, Where a
substantial amount of abered, calem-rick, carbonate sedimen-
teiry rocks or skarre eocur 0 e copoer-molybagndm cores, pow-
gite 15 more commoen and molybdenite less corrmoan. With the
excenten of e Orphan ™ g i the Grand Canyon, nio morvode-

nite or wulfenite has been reported from the Colorado Plateaw.

The mineralogical patterns appedr to indicate that different
geologic environmanis influenced the deoposiion of different
malybdenum minerals. Table 3 summarizes the geologic contrasts
between widfenite and molybdenite occurrences. Waltenite con-
sistently occurs in cerussite-bearing oxide zones of lead-zinc-
silver deposits which contain no primary molybdeniie. These find-
ings dre ccnsistent with the conclusions of several authors
(Creasey, 1950, Oisen, 1961, Anthony and Titley, 1961) that malyb-
denum is exotic 1o the original deposit and was introguced late in
the oxidation seguence of the deposit, typically after cerussite had
dlready formed. Beporied wultenite accurrences in porphyry cop-
per districls dre asscciaied with zing-rich, lead-zinc-silver de-
posits, while wulfenite occurrences in the non-porphyry copper
districts are associated with more lead-rich, lead zing-silver dis-
tricts. Wulfenite is only a minor minoral in the iead-zine-silver zones
of known porphyry coppers, while it is commonly abundant in the
lead-zinc-silver districis, Significantly, production of walfaniie con-
centrates (Table 1) is limited to lead-zinc-silver districts. With the
exception of the 79 mine, all localties with enough wulfenite to
produce codectabdo specimens of walfenite are i lead-zine-siiver
tistricls.

The foregoing observations suggest that molybdenum was in-
troducec to lcad-zinc-silver deposity during their oxidation, and
that the lead content of these deposits was imporlant 1o the
amount of wulfenite that could form. Henco, wuolfenite is more
abundant in lead-rich, lead-zinc silver deposits. Thus, Jarge
amounts of walfenite #t & given iocafity provide a nogative clue to
the possible ccoutrence of a contermporansous porphyry copper
or coppur-molybdenum deposit in the district. This may refiect the
fact that associated ignecus rocks of the same age as e lead-
einc-silver districts are consistently mare alkalic (higher in potas
siur and sodwim ard comparatively low in catciom) and ead-rich
than igneous rocks associated with porpnvry copners. Another
amocriant regative finding of the study was that with tho possible
cxeeption of the Steeple Rook district on the Arizona New Mexico
vourdary east of Morenci, no ovidence of a Cimax-iype porphyry
malyademnen ocourrence in Arizona was foung in the geoiogic

i TSR BT TII T e o
litarature that was examingd. coutinued on pape 12
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IS THERE A CASA GRANDE BULGE
AND WILL IT CAUSE EARTHQUAKES IN ARIZONA?

By Richard H. Raymond, Gail E. Cordy and Gregory M. Tuttle

). 5. Water and Power Resources Service, P Q. BEox 6972, Phoenix, Arizona 85005

INTRODUCTION

Heavy groundwater pumping in scuth-cenlral Arizona has
caused groundwater overdraft and extensive water-level declines,
particularly in the Picacho Basin {J.S. Bureau of Reclamation,
1976, Laney and others, 1978). Earth fissuring and widespread
land subsidence have accompanicd the removal of groundwater
(Laney and others, 1978}, Holzer (1979) stated that the tand sur-
face rase 6 cmin part of the Picacho Basin in response to ground-
water pumping.

Holzer (1979) theorized that unloading of the earth's crust by
removal of large amourds of groundwater in south-central Asizona
causes the land surface to rige in the same way that loading by
farge reservoirs causes the land surface to depress. He also
speculated that in tecionically active areas, unloading may cause
earthguakas. This concept suggests the possibitity of earthguakes
in the Picacho Basin site of part of the Central Arizona Project
agueduct {Figure 3, p. 8), an arca of greatest groundwator lovet
decline in Arizona. Because of the potential far seismic activity in
the vicinity of tho aqueduct!, Holzer's theory reguired further
analysis by the U.5. Water and Power Resources Service. How-
ever, after reviewing his work, the authors guestion Haolzer's in-
terpretation of surveying and seismic data, as discussed below.

ELASTIC EXPANSION AND LOADING

Based on leveling surveys in 1805, 1948 48, 19687, and 1877,
Holzer (1979) estimated that the land surface rose (elastic expan-
sion) 6 om from 1948 to 1967 in the areas northwast and northeast
of the town of Casa Grande. He suggested that this rise was the
result of removal of more than 43.5 x 107 kg of groundwater and
subseguent diminiskment of surface stresses.

Holzer (1879) stated that the rise or elastic expansion (mass
loss) in areas of groundwater depletion, such as south-central
Arizona, is comparahle 1o the depression or elastic compression
(mass increase} of the earth's surface caused by loading in reser-
voir impoundments such as Lake Mead, Arizona. Applying the
theory of elasticity, he compared deflection of the earth’s surtace
(W..ar) in terms of depression or expansion in areas of loading and
unloading (see Table 1), Because of the MASS/(AREAY* ratio for
south-cantrai Arizona (8.93 x 107" kg/km) is approximately one-
haif the value of the ratio for Lake Mead (15.3 x 10" kg/kmy}, Holzer
{1979, p. 4680) stated that man-induced uplift in south-central Ari-
zona from 1815 to 1873 shouid cquai approximately ong-hatf the
depression of 17.8 cm measured at Lake Mead. In fact, the pre-
dicted uphift {W.,.,,) for south-central Arizona is 13.2 cm (see Table
1), significantly greatar than one-haif the deprossion at Lake Mead,

SURVEY DATA

There arc several reasons to gquestion the interpretation of ievel:
ing data by Holzer. In determining crustal expansion, Holzer (1979)
used unadjusted data from two long level fines. The data were
collectsd aver a period of 72 years by various agencies (LS
Geoiogicat Survey 1905 and 1977, National Geodetic Survey
1948, 1949 and 1967). Although all of the surveys {except 1977)
were performed to First-Order standards, the data may be tess
acceurate in the esarky suiveys due to limited precision of leveling
instruments. Thus, comparison of unadjusted leveling data may
not be sufficient to determing the minimat rise in the land surface
reported by Holzer,

Data points in the early surveys were widely spaced and many
of the early bench marks were disturbied or destroyed before later
surveys, The NGS survey of 1948 roported that bench mark 1338
{set in 1905 in alluviurm) was leaning. At this time it was iabeled
T277. Apparently this menument had been disturbed, perhaps by
sisbsidence, yet Holzer used the 1948 leveling at 1338 tc deter
mine a 6.2 cm rise in the land surface from 1948 o 1967, In
fact. published adjusted values for bench marks 1338 {1277} and
neartzy W277 show cortinual subsidence (no uplift) in this area
{Tablc 2).

Holzer {1979, p. 4692) computed ail cievational changes in rela-
ion to bench mark 1283 which was set in affuvium. The absolute
ciavation of 1283 was unknown: however, it was considered stable
by Holzarr an the basis of onky ane other point, bench mark Enid,
which was set In bedrock 1 km away. The authors suggest that
tench mark 1283 should not be considered absolutety stable as
Holzer suggested, unless the slability of 1283 and Enid are
evaluated by refercnce level data o several other stable points
cutside the arca or by large scale evaluation as part of the naticnal
level net data adjustments in Arizona.

in evalualing data errors, Holzer {1979} used the "nominal acou-
racy between points” formulag published by the Fedoral Geodetic
Control Committes (1974) for the National Geodetic Netwark,
These standards specify limits of aliowabie misclosure {error} for
each class cf level line. However, nominal accuracy criteria are
applicable to only the mast precise data. Assuming Frsl-Order,
Class Ii leveling, the aliowable misclosure (nominal accuracy) be-
twoen bench marks 1283 and 1338 is + 2 mim VK — 1.2 cm, where
K is the distanco between bench marks in kilometers (Holzer,
1979, p. 4695). |n practice, the surveyed data can be more realis-
tcally evaiuated by the "permissitie errer of closure” technigue
(Faderal Geodctic Control Commities, 1374). An appropriate ac-
curacy of within + 4 mm VK (twice ihe nominal accuracy) is

TABLE 1 Comparison of Potental for Expansion ar Depression of the Grust Beneath Seiected Aress With Mass Changes®

Misss LOS S Area Tamne ‘Calctt Mass: (Area)s
| ceation 1017 kg Km? Perica Wi sy, G 101 kgikm Referenco:s
Sauth central Arzona 435 f.070 18948 .67 7.3 4. .84 AW (1875)
South-conlral Anzorz anz a0vn 191573 132 .03 AW (1075)
lake Mead. Arzona-New 7B & 1935 40 227 163 Lengwall {1960),
Raohac| (19594
v axe Powell, Arironra R 574 July 1575 10.8 LSGEE (1978)
*talculated W — SH7¥HE M T — mass of luad

ssdodified fram molzes {1979)
“tRematvOl TRIURSTEnt TAss iIncrease)

wi b I'?TFU""

where: W, — dofiectan at centor of cirele
F - Yaung's noe

' Q-+ leration of gravity
v — Poigso™’s -alio

A = radius of cirauwar Sres
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indicaled by this method. Thus, for the 36.6 km distance between
bench marks 1283 and 1338 {(where Holzer interpreted 6.2 cm of
crustal expansicn), & misclosure of as much as = 2.4 om would be
acceptable for any single unadjusted rur between hoese two
points, and the maximum acceptable misclosure batween unad-
justed data run along this line in different yoars (f.c. 1948 and 1967)
could be as much as = 4.8 cm. Similarly, for bench mark 1283 fo
D367 (87 km away}, using unadjusted data from runs in two differ-
ent years, a4 maximum misclosure of as much as = 7.46 om is
oermissible for First-Order, Class | standards. This value ior errar
is greater than the "significant elastic expansion” of 6.2 cm cited
by Holzer (1973, p. 4683) in the Picacho Basin, northwest of Casa
Grande., A similar situation cocurs at bench mark Poston, where
Halzer (1879, p. 4695) reported 7.52 cm of upkft (1948--1967) with
respect o 1283, Using the permissible errcr formula cidad above
lor 1948 and 1967 lovel data, the uplift value s within the range of
acceptable misclosure,
TARLE 2. Adjusted Level Vatues for Bench Marks 1338 ang Wavy7*
{Altitude above mean seaiovel in fcet)

1965 1948 49 1967 1877
1338 (1905) : 38 4
ot odg) 1338.705 1336.462 1336.442 1338.400
w7 - 1340 562 1340555 1340845

*Marghall, {1915); NGS (1948-49, 1967): U.5.G.S. (1977).

SEISMICITY

Haolzer {1979, p. 4698) theorized that carthguakes may be
caused by unlecading because of groundwater withdrawal in the
Picacho Basin. ff carthquakes may result from unloading. and tho
alleged unloading is similar to rescrvoir iuading at Lake Mead and
comparable areas, as Holzer stated, then carthquakes should
have followed loadng at Lake Mead and comparable areas. In
fact, tho cvidonce is to the contrary. The areas of greatest loading
and subsidence at | ake Mead were notably ascismic. Anderson
and baney (1975), and Mickey (1973}, concluded that seismicity
was not a direct rosult of leading Dy the mass of the lake. Ralher, #
was a result of rapid changes in wator wovel.

Sirnilarly, a comparisen of MASSH{AREAY: values from the Lake
Powell reservolr, Arizona, and south-central Arizona further con:
firms that loading (and comparabple unioading) does not cause
earthquakes. Lake Powell @t Glen Canyon Dam, 523 km from the
Picacho Basin, has a ratio value of 10.8 x 10" kgikm (Table 1)
simiar ta the value for south- centrai Arizona of .83 x 107 kgikm.,
However, Mickey (1973) showed a definite docrease inlocal scis
mic activity following loading at | ake Poweli.

It is particularly significard 10 note the absence of measurabie
seismic events within an 80-km (50 mile) radiug of ihe Picachoe
Basin (Figure 3, p. 6}, Holzer {1979} suggested the possibility of
seismic activity due to untoading in this area. If Hoizer is right then
the substantial unloading which has occurred since Waorld War 1
should have caused earthguakes in the Picachoe Basin, Boveral
ground fremors were reported by the BIA supervisor at Picacho
Reservoir in early 1975 (Yorkes and Castie, 1976), one of which
was coincident with a rapid drop of 120 mm in the reservoir waler
level, however, Peirce (1975) suggoestad that many of the low in-
iensily “seismic events' i this area woro the resull of aimospheric
ohancmena relaied o supoersenic et booms. In addition. Holzer
and others (1978) cited & microsarthquake investigatior con
ductod in 1977, north of Floy, which confirmed that the Picacno
Basir was not subject to seism.caiy-active inclonic processes.

CONCLUSIONS
Fiasiic expansicn or sz 0 the land surlace as reported by
Hloleer (1979 = quesiened or the basis that 1) unadjusted dats

with varying degrees of accuracy are compared. 2) data poeints
are widely spacoed and may have been disturbed or desiroyed in
some cases, 3) clevational changes are compuied inrelation to a
singic bench mark, and most importantly, 4) leveling errors were
evaluated by nominat accuracy methods which yield minimat val-
ues of one- half of the permissable error,

Unloading due o groundwater withdrawal is unlikely to induce
carthquakes i1 south-centrai Arizona. Comparabie crustal loading
at Lake Mead and Lake Powell has not riggered seisimic activity,
and, more important, no significant carthguake epicenters have
beon recorded within an 80-km {50 mi) radius of the Picacho Basin
(Figurc 3, p. 6). Infact, ihe area is notably aseismic in contrast to
the seismically-active areas to the southwest and north-northeast,
The evidence indicates that south-central Arizona is not subject to
seismic activity as a result of groundwater unloading. In addition,
more precise leveling data will be required in order to accuraiely
determine it crustal expansion is indeed occurring as a result of
groundwater withdrawal,
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Moly continued

CONCLUSION

Arizora's increasingly prominent molybdenum econcmic [os-
lure is the result of geologic events during Laramide crogeny, 70to
50 million years ago. ! was then that Arizona's great prophyry
copper deposiis wera emplaced and, along with copper, a sig-
nificant amount of molybdenum was deposited. Thus, not only has
Laramide orogeny left Arizonans with an mportant copper legacy,
but also with a valuabie molybdenum one as well.
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ANNOUNCEMENT

The Arizona Geological Society will host a Tectonics and
Ore Deposits Symposium at The University of Arizona, Tucson,
March 19 and 20, 1981. Field trips are scheduled preceding and
following the symposium. If you wish to be placed on the mail-
ing list, contact: John Reinboid, Conferences and Short
Courses, The University of Arizona, 1717 E. Speedway Boule-
vard, Tucson, Arizona B5721.

ThiBois continued

Bamage in Arizona from earthguakes has been consideratle
aver the past century and a half (see Flefdnotes, v. 9 i 1), Since
1850, nearly every portion of the state has experienced crther
oarthguake vibrations or other induced effects of seismicity {i.e.,
rockfalls, fires, liquefaction, flooding, water table changes). A pre-
fminary version of an epicenter map (Figure 3) indicates at least
118 earthguakes within the state which were fell or recorded since
1850. An additional 100 events mus! still be assigned locatons,
basod on collected observations. |seseismal maps, indicating fedt
area, maximum intensity and palterns of intensily attenualion, are
being generated for several of the largest historic earthguakes.
Conlour nes, enciosing regions of equal Modified Mercalii Intenr-
sitics, are drawn after intensity data are plotted for each location
reporting effccts of the earthquake. Two examples are shown in
Figure 4. At the conclusion of the historical seismicity study,
geoicgists, seismalogists, and enginears witl have several higlori-
cal models for use in pradiction of possible damage from large
eardhquakes, in estimation of earthquake recurrence infervais and
maxirnum sizes, and in analysis of relative seismic activity of vari-
ous regicns of Arizona.

Funds for this project have come from the U.S. Geological
Survey, the U.S. Nuclear Reguiatory Commission and the Siate
of Arizona.
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